Total phenolic content and antioxidant activity of hydroalcoholic extract of avocado leaves (Persea americana (PA)) were determined by α,α-diphenyl-βpicrylhydrazyl, • NO, O 2
Introduction
The avocado tree (Persea americana (PA) Mill.), native to Central America and Mexico, and now cultivated in various parts of the world including Brazil, presents great commercial value because of the relevant nutritional utilization of its fruit. [1, 2] The other parts of the plant, such as peel, seed, and leaves, may also contain bioactive compounds and, thus, may contribute to the development of avocado by-products for commercial purposes. [3] [4] [5] Avocado seeds and leaves, as aqueous and hydroalcoholic extracts, are utilized in folk medicine because of their anti-viral, [6] antiinflammatory, [7] anti-diabetic, [8] hypoglycemic, [8] and antioxidant [1] properties; these beneficial biological properties may be related to the presence of polyphenolic compounds. Studies have reported on the presence of phenolic acids, flavonoids, and procyanidins in avocado leaves. [6, 8, 9] Polyphenols have attracted attention because of their therapeutic value, which is related to their antioxidant activities, as well as anti-mutagenic, anticarcinogenic, and antimicrobial properties. [10] [11] [12] Specifically, the antioxidant activities of plant polyphenols have attracted the interest of the pharmaceutical and food industries. The pharmaceutical industry is interested in the ability of these compounds to inhibit lipid peroxidation [13, 14] and capture reactive species such as hydrogen peroxide (H 2 O 2 ), the hydroxyl radical ( • OH), and radical anion superoxide (O 2
•-); [15] the oxidative stress, caused by these reactive species, is related to various pathologies including neurodegenerative- [16] and cardiovascular diseases, [17] cancer, [18] and ageing. [19] In the food industry, the antioxidant activity of polyphenols may be applicable in food preservation. [4] Currently, synthetic compounds such as butyl hydroxyanisole and butylated hydroxytoluene (BHT) are used for this purpose. [20] Although the amount of synthetic preservatives, ingested in the human diet, is low and likely nontoxic, [20, 21] the safety of using these compounds, with respect to their effects on human health, remains controversial. In mice, the intake of high concentrations of these compounds induces genotoxicity [22] and carcinogenesis. [20, 21, 23] The antioxidant activity of plant extracts is intimately related to the concentration of phenolic compounds. [24, 25] However, the concentration and stability of the phenolic compounds is influenced by diverse factors, including the drying processes of plant material in natura, and the storage conditions of the resultant extracts. [13, 14, 26, 27] High temperatures, used to dry the plant material and prepare extracts in solution, can lead to a decreased content of phenolic compounds. [26, 27] The stability of polyphenol-rich extracts is influenced by storage conditions such as temperature, time of storage, pH, and the solvent used. [13, 14, 28] Extended storage can lead to chemical modifications, such as hydrolysis or oxidation, which promote a decrease in the content of phenolic compounds such as anthocyanins and aglycone flavonoids. [29] Therefore, it is important to evaluate the stability and potential applications of polyphenol-rich extracts because these compounds may be sources of natural antioxidants.
In this study, we measured the phenolic content in a hydroalcoholic extract of avocado leaves and related this content to in vitro antioxidant activity. Stability assays were performed to optimize conditions for preserving antioxidant activity and polyphenolic compounds during preparation (drying process), as well as during thermal incubation and storage, of the extract in solution under varying conditions.
Material and methods

Chemicals and reagents
BHT, α,α-diphenyl-β-picrylhydrazyl (DPPH), gallic acid (GA), phenazine methosulfate (PMS), quercetin (Que), and salicylic acid were obtained from Sigma-Aldrich (St. Louis, MO, USA). Reduced nicotinamide adenine dinucleotide (NADH) and nitroblue tetrazolium (NBT) were obtained from Amresco (Dallas, TX, USA). The Folin-Ciocalteu reagent was obtained from Chromate (São Paulo, Brazil). All other chemicals and standards were commercial products of the highest available purity.
Hydroalcoholic extract of avocado leaves
The leaves were sanitized using 70% v/v ethanol in purified water, dried in a laboratory furnace at 50°C, and ground using a food processor (Philips Walita Co, Varginha, MG, Brazil). The dried leaves were stored in the dark, in 70% ethanol (100 g/500 mL), for 4 days at 25°C, and then vacuum filtrated using Whatman™ Grade 4 Qualitative Filter Paper (Sigma-Aldrich). The extract was concentrated using a rotary evaporator at 40°C, freeze dried (FD), and designated as PA. The total phenolic content of this extract was determined using the Folin-Ciocalteu method; antioxidant activity was determined using DPPH; nitric oxide ( • NO), superoxide anion (O 2
•-), and hydroxyl ( • OH) radical capture assays and the reducing power test ( Fig. 1 ). Liquid chromatography coupled to mass spectrometry/electron spray ionization (LC-MS/ESI) was used to characterize the polyphenolic profile of the PA extract. The pH of the PA extract was 6.27 ± 0.09, determined using a digital pH meter (GEHAKA, São Paulo, Brazil). Additionally, the PA extract was designated as the standard extract and was used in the stability assays to evaluate the effects of incubating for 0, 3, and 8 h at 40°I C-90°C. We also assessed the effects of storing the PA extract at 25°C and 40°C for 0-10 months. Because polyphenol-rich extracts are light sensitive, the extracts were protected from light in all the experiments employed in this study.
Determination of the total phenolic content
The total phenolic content was determined using the Folin-Ciocalteu method by Singleton and Rossi Jr. [30] with modifications. Folin-Ciocalteu reagent (1.25 mL) was combined with the sample of the extract (250 µL) and then Na 2 CO 3 (7.5% w/v) (1.0 mL) was added to the mixture. The mixture was incubated in the dark at 100°C for 10 min. Aliquots of the samples (200 µL) were transferred into 96well plates, and the absorbance was measured at 760 nm using a microplate reader spectrophotometer (Bio Tek, model EPOCH, ELX800, Winooski, VT, USA). The total phenolic content was expressed as GA equivalents in micrograms per milligrams (μg/mL) of dry extract.
In vitro antioxidant activity 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical capture The DPPH radical capture rate (CR) of the extracts was measured using a method adapted from Blois. [31] Initially, aliquots (300 µL) of samples (10-640 µg/mL) or standards (GA, Que, BHT; 1.25-640 µg/mL) were combined with 40 mM DPPH radical solution (100 µL) and incubated in the dark for 20 min, at 25°C. Aliquots of the samples (200 µL) were transferred into 96-well plates and absorbance was measured at 515 nm using a microplate reader spectrophotometer (Bio Tek). The CR was determined using the equation: CR (%) = {[A 0 -(A -A b )]/A 0 } × 100, where A 0 indicates the absorbance of the DPPH solution alone; A is the absorbance of the sample and DPPH; and A b is the absorbance of the sample without DPPH.
Hydroxyl free radical ( • OH) capture The capability of the extracts to capture the hydroxyl radical was determined using the method described by Halliwell and Gutteridge. [32] Hydroxyl radicals, produced using a mixture of 8. 
)
The ability of extracts to capture the superoxide anion was determined using a method described by Nishikimi et al. [33] Aliquots (900 µL) of PA extract (20-640 µg/mL) or standards (GA, AA, and Que; 1.25-640 µg/mL) were dissolved in 10 mM Tris-HCl (pH 8.0), added to a solution in a cuvette containing 72 µM NBT (20 µL) and 30 µM PMS (20 µL), and incubated for 5 min at 25°C. Then, aliquots (60 µL) of 338 µM NADH were added and the absorbance at 560 nm was measured using a spectrophotometer (SP 2000 UV model, Bel Photonics, Monza, ITA).
This method is based on the reduction of NBT by NADH, which consumes the superoxide anion present in the solution. Thus, a higher rate of O 2 capture by samples of the extract results in lower reduction of NBT and lower absorbance at 560 nm. The CR was determined using the equation: 
Capture of the nitric oxide free radical ( • NO)
The rate of nitric oxide capture by the extracts was determined using a method described by Marcocci, Maguire, Groy-Lefaix, and Packer. [34] Nitric oxide radicals, produced by 10 mM sodium nitroprusside in phosphate buffer (pH 7.4) (250 µL), were incubated for 120 min with 250 µL of PA extract (20-640 µg/mL) or standards (GA, Que, and BHT; 1.25-640 µg/mL), at 25°C. Aliquots (100 µL) were transferred into 96-well plates and 100 µL of Griess reagent was added; absorbance was measured at 546 nm using a microplate reader spectrophotometer (Bio Tek). The CR was determined using the equation:
where A 0 is the absorbance of sodium nitroprusside and Griess reagent; A is the absorbance of sodium nitroprusside, Griess reagent, and sample; and A b is the absorbance of the sample and sodium nitroprusside.
Reducing power test
The reducing power of the extracts was determined using the method adapted from Oyaizu. [35] Samples (250 µL) of PA extract (10-640 µg/mL) or standards (GA and AA; 1.25-640 µg/mL) were mixed with 0.2 M sodium phosphate buffer (pH 6.6) (250 µL) and potassium ferricyanide (1% w/v) (250 µL). After 20 min of incubation at 50°C, trichloroacetic acid (10% w/v) (250 µL) was added, and the aliquots (200 µL) were transferred into 96-well plates; then, ferric chloride (0.1% w/v) (50 µL) was added. The absorbance of the samples was then measured at 700 nm using a microplate reader spectrophotometer (Bio Tek). This assay is based on the concept that substances with reducing power can reduce potassium ferricyanide in solution, generating potassium ferrocyanide, which reacts with ferric chloride to form a complex with maximum absorption at 700 nm. Thus, higher absorbance at 700 nm indicates higher reducing power of the sample.
LC-MS/ESI analysis
Analyses of polyphenol content, using LC-MS/ESI, were conducted using Agilent 1200 series coupled with a triple quadrupole MS series 6400 (Santa Clara, CA, USA). Separation was performed using a reverse-phase column (C 18 , 150 × 2.1 mm, 5 µm; Shim-Pack CLC-ODS, Shimadzu, Kyoto, Japan) at 25°C. The mobile phase consisted of 0.5% formic acid in water (solvent A) and 0.5% formic acid in acetonitrile (solvent B) using the following gradients: 0-10 min: 10% B; 10-20 min: 10-30% B; 20-30 min: 30-50% B; 30-32 min: 50% B; 32-38 min: 50-10% B; 38-48 min: 10% B. The flow rate was 1.0 mL/min and injection volume was 5 μL. To remove low-molecular-weight compounds, the samples were eluted through C 18 cartridges (Varian, Palo Alto, CA, USA) before analysis with LC-MS/ESI. The parameters for ESI were as follows: nebulizer at 50 psi, 4500 V, arrest gas (N 2 ) flow at 11 L/min, and ionization temperature at 350°C. The ion trap mass spectrometer was operated in negative ion mode with a full scanning range from m/z 150 to m/z 1000.
Stability assays
Effects of the air-drying process on avocado leaf extracts Avocado leaves were FD or air dried at 40°C, 50°C, 60°C, 70°C, 90°C, or 100°C in a laboratory furnace. The leaves were then ground in a food processor, generating a duplicate for each condition. The leaves were FD or air dried under the six drying temperatures, until constant weight. Then, the dried leaves were subjected to a hydroalcoholic extraction (as described previously in the Hydroalcoholic extract of avocado leaves section), stored in the dark in 70% ethanol (100 g/ 500 mL) for 4 days at 25°C, and vacuum filtrated using filter paper (Sigma-Aldrich). The filtrated extracts were then concentrated using a rotary evaporator at 40°C, FD, and designated as A-FD, A40, A50, A60, A70, A90, and A100 according to the drying method or condition used. All the hydroalcoholic extracts were evaluated for total phenolic content and antioxidant activity using the DPPH radical capture and reducing power test ( Fig. 1 ).
Effects of thermal incubation and time of storage on avocado leaf extracts in solution
The standard PA extract was solubilized (50 mg/mL in 70% ethanol) and subjected to six different drying temperatures (40°C, 50°C, 60°C, 70°C, 80°C, or 90°C) in a thermostatic bath, generating a duplicate for each temperature. The extracts were maintained at each temperature for up to 8 h with aliquots removed after 0, 3, and 8 h of incubation. The aliquots were FD, generating fractions designated as T40-0, T40-3, T40-8, T50-0, T50-3, T50-8, T60-0, T60-3, T60-8, T70-0, T70-3, T70-8, T80-0, T80-3, T80-8, and T90-0, T90-3, T90-8, according to the temperature and time of incubation used. All the samples were evaluated for the total phenolic content and antioxidant activity using the DPPH radical capture and the reducing power test (Fig. 1) .
Effect of storage conditions on avocado leaf extracts in solution
The standard extract of PA was solubilized in 70% ethanol (50 mg/mL) and stored at 4°C and 25°C for up to 10 months. Aliquots, generated in duplicate per each storage temperature, were collected each month and FD, generating extracts designated as S4-0, S4-1, S4-2, S4-3, S4-4, S4-5, S4-6, S4-7, S4-8, S4-9, S4-10, and S25-0, S25-1, S25-2, S25-3, S25-4, S25-5, S25-6, S25-7, S25-8, S25-9, and S25-10 according to the temperature and time of storage. All samples were evaluated for the total phenolic content and antioxidant activity using DPPH radical capture and the reducing power test (Fig. 1 ).
Statistical analysis
The determination of total phenolic content was performed at least five times, on different days, in triplicate for each sample. The determination of antioxidant activity (using DPPH, the reducing power test, and • OH, O 2
•-
, and • NO radical capture assays) was performed at least twice in triplicate for each concentration of each sample tested. All the results were analysed by one-way analysis of variance followed by Tukey's multiple comparison test. The differences were considered statistically significant at p ≤ 0.05. The half maximal effective concentration (EC 50 ), corresponding to the concentration able to capture 50% of free radicals, was calculated using linear equations (r 2 ≥ 0.95) obtained by linearizing the activity curves. Pearson's correlation was used to correlate the effects of air-drying temperature with the total phenolic content and antioxidant activity. Significance was tested by Student's t test and Pearson's correlation coefficient (r).
Results and discussion
Chemical characterization of polyphenol compounds and antioxidant activity of avocado leaf extract
The leaves, dried at 50°C, were subjected to a hydroalcoholic extraction and FD, generating PA extract with a yield of 22.9% (w/w) and total phenolic content of 237.1 ± 25.1 µg per GA equivalents/ mg of dry extract. The LC-MS/ESI analysis was performed to identify the polyphenol constituents of PA extract. LC-MS/ESI provides information on polyphenol structures in plant extracts without the need to isolate the compounds beforehand. [36] [37] [38] The chromatogram of PA extract is presented in Fig. 2 . Baseline separation of 26 compounds was achieved within a 30-min run. Nineteen of these compounds were identified based on mass spectra and by comparing the results with reference compounds from the literature [3, 6, 9, 39, 40] (Table 1) .
Peaks 1, 4, and 6 presented [M-H]ions at the m/z values of 577.1, 865.1, and 865.1, respectively, which are characteristic of typical flavan-3-ol compounds. Peak 1 was, therefore, designated as a procyanidin dimer, likely procyanidin B1. Peaks 4 and 6 were identified as procyanidin C1 and another procyanidin trimer, respectively. For peaks 7-25, all identified constituents were classified as flavonol (kaempferol/quercetin) glycosides. Peaks 7, 10, and 11 suggested the presence of tri- Figure 2 . LC-MS/ESI chromatogram of avocado leaf extract. Numbers in the chromatogram refer to the compounds described in Table 1 . For information of the MS spectra, see Table 1 and Fig. S1 . [6] respectively. Peak 19 ([M-H]ion at m/z 447.1) was identified as quercitrin (quercetin-3-O-rhamnoside). [6, 39] Last, peak 26 was designated as flavone luteolin-8-C-glucoside (orientin; [M-H]ion at m/z 447.0). The mass spectra are shown in Supplementary Fig. S1 .
The content of phenolic compounds is closely correlated with the total antioxidant activity of plant extracts. [24, 25] The antioxidant activities of PA extract were evaluated using DPPH, capture of • NO, O 2
•-, and • OH radicals, and reducing power assays in vitro. The results are shown in Supplementary Fig. S2 . Except for the results of the reducing power assay, all the values of EC 50 are presented in Table 2 . The DPPH EC 50 , calculated for PA extract, was 57.8 ± 5.4 µg/mL. For the standards GA, Que, and BHT, the DPPH EC 50 values were 9.2 ± 1.3, 9.4 ± 1.4, and 21.0 ± 1.4 µg/mL, respectively ( Table 2 ). The antioxidant activity of PA extract, at 320 µg/mL, was approximately 70% of an equivalent concentration of BHT or GA, as determined by the DPPH assay ( Supplementary  Fig. S2 ). The EC 50 values for PA extract, determined using the • OH, • NO, and O 2
•radical capture Table 2 ). PA extract showed antioxidant activity that was equivalent to 52% of BHT activity at the same concentration, as determined by the reducing power assay ( Supplementary Fig. S2 ). Previous studies, using DPPH, have described the high antioxidant activity of methanolic extracts, obtained from PA leaves, with respect to free radical scavenging and capture. [1, 41] However, those studies did not assess the values of EC 50 . The antioxidative capacity of our extract, calculated as the percentage of DPPH activity, was similar to that described in those studies. [1, 41] Except for the assays determining the capture of the • NO radical, and the reducing power test, [1] we did not find any studies assessing the • OH and O 2
•radical scavenging activities of the PA leaf extracts. Our study shows that avocado leaves are a good source of antioxidants; the levels of polyphenol compounds and antioxidant activity of PA extract were comparable to those of other leaf extracts. [5, 14, 42, 43] For example, the concentration of phenolic compounds in PA extract (237.1 ± 25.1 µg/mg) was higher than those in the extracts of Camelia sinensis (58.7 ± 2.9 µg/mg), [43] mulberry (Morus indica L.) (71.0 ± 2.5-93.2 ± 1.0 µg/mg), [14] blackberry (Rubus sp.) (48.5 ± 5.1 µg/mg), raspberry (Rubus idaeus L.) (54.7 ± 3.8 µg/mg), or strawberry (Fragaria × ananassa D.) (30.9 ± 3.1 µg/mg). [42] In terms of antioxidant activity, determined using DPPH under the conditions described previously, the EC 50 (µg/mL) values of extracted avocado leaves were similar to those of Camelia sinensis (37.0 ± 0.2 µg/ mL) [43] and mulberry (Morus indica L.) (79.5 ± 0.8 µg/mL). [14] Effect of air-drying temperature on the concentration of phenolic content and antioxidant activity of PA extracts
After being dried using one of the seven different conditions (40°C, 50°C, 60°C, 70°C, 90°C, or 100°C or FD), the avocado leaves showed an average moisture content of 61.4% ± 2.2%. The rate of dehydration increased with the increasing air-drying temperature; the times of air drying were approximately 43.5 h (40°C), 19.2 h (50°C), 7.1 h (60°C), 6.2 h (70°C), 3.2 h (90°C), and 1.0 h (100°C). The dried leaves were subjected to hydroalcoholic extractions and FD, generating the fractions A40, A50, A60, A70, A90, A100, and A-FD, with an average yield of 22.6 ± 4.4% (w/w). The content of phenolic compounds varied between 130.0 ± 7.6 and 233.3 ± 36.8 µg of GA equivalents/mg of dry extract; the differences in the values were statistically significant (p ≤ 0.05) (Fig. 3a) . The air-drying temperatures were negatively correlated with the concentrations of phenolic compounds (Pearson's correlation: r = −0.81; p = 0.026), suggesting that high temperatures generate extracts with lower concentrations of phenolic compounds (Fig. 3d) .
Compared with the total phenolic content and antioxidant activity values, samples air dried at 70°C , 90°C, and 100°C showed a lower total phenolic content and antioxidant activity than samples that had been air drying at 40°C, 50°C, and 60°C ( Figs. 3a and 3b) . The EC 50 values for all fractions are described in Table 3 . A linear correlation, between the air-drying temperature and antioxidant activity, showed that higher drying temperatures contributed significantly to decreased antioxidant activity. This was determined by DPPH and calculated by the increase in the values of EC 50 (Pearson's correlation: r = +0.90; p = 0.014; Fig. 3e ) and by the reducing power test (Pearson's correlation: r = −0.89; p = 0.016; n = 6, calculated at the concentration of 640 μg/mL; data not shown). We also verified a linear correlation between the total phenolic content and antioxidant activity (DPPH: Pearson's correlation: r = −0.93; p = 0.003; n = 6) and the reducing power test (Pearson's correlation: r = +0.92; p = 0.005; n = 6, calculated at the concentration of 640 µg/mL; data not shown). This suggests that the high drying temperatures decreased the concentrations of phenolic compounds in the leaves, and consequently decreased the antioxidant activity of the resulting extracts. According to Maillard and Berset, [44] the variation in the phenolic content of the samples, subjected to high temperatures, may occur via three possible mechanisms: by the release of phenolic acid derivatives bound to macromolecules such as cumaric acid linked to lignin or ferulic acid linked Figure 3 . Characteristics of avocado leaf extract derived from leaves subjected to different drying conditions. Avocado leaf extracts were analysed by measuring the total phenolic content (A), DPPH radical capture test (B), and reducing power test (C). The resulting values are expressed as a mean ± standard deviation calculated according to each method. In (A), different letters mean significant differences as determined using Tukey's test (*p ≤ 0.05). Results from Pearson correlation analyses (D and E) are also provided. to arabinoxylans; by degradation of a part of lignin and release of phenolic acids such as hydroxycinnamic acid; or by thermal degradation. Several studies have reported that air-drying temperatures, from 90°C to 160°C, can produce extracts containing melanoidins, which have robust antioxidant activity. [45, 46] Nevertheless, the majority of reports have suggested that high drying temperatures can decrease the concentration of phenolic compounds in plant extracts via thermal degradation. [26, 27] The effect of air-drying temperature on the stability of polyphenols and antioxidant activity in mulberry leaves was described by Katsube et al., [26] indicating that temperature under 60°C did not affect the stability of phenolic content. However, there was a significant and progressive reduction in antioxidant activity when temperature over 70°C was employed, suggesting that thermal degradation was the main mechanism, which supports our findings. Thus, precise control of the drying temperature is important for maintaining high levels of phenolic compounds and antioxidant properties of avocado leaf extracts. 
Effect of temperature and time of incubation on the concentration of phenolic content and antioxidant activity of avocado leaf extracts in solution
Incubating the PA extract at various temperatures (40°C, 50°C, 60°C, 70°C, 80°C, and 90°C) for 0, 3, and 8 h did not show a significant effect of temperature on either the total phenolic content or antioxidant activity ( Supplementary Fig. S3 ). These results indicate that the phenolic compounds in PA are stable at the tested temperatures. The phenolic content in all the samples ranged between 197.4 ± 9.5 and 259.3 ± 28.4 µg of GA equivalents/mg of dry extract, and no values differed significantly from that of the PA control extract (237.1 ± 25.1 µg of GA equivalents/mg of dry extract) ( Fig. S3, Supplementary Material) . The DPPH EC 50 values of samples, subjected to different drying temperatures for 8 h, varied between 61.5 ± 1.7 and 77.8 ± 8.1 µg/mL; however, even after exposure to the highest drying temperatures, antioxidant activity was not significantly different from that of the PA control extract (DPPH EC 50 = 57.8 ± 5.4 µg/mL) ( Table 3 ). A similar result was obtained when antioxidant activity was determined by the reducing power assay (Fig. S3,  Supplementary Material) .
Thermal processing can influence the stability of polyphenol-rich extracts in solution. [13, 14, 26] High temperatures can decrease the levels of total phenolic content and affect the profile of these extracts. [13, 14, 26] The different structures of phenolic components impart these components with different levels of heat sensitivity; temperatures, above 70°C, may affect the chemical structure of these components according to their level of heat sensitivity. [13, 14, 26] For example studies reports that glycosylated flavonoids are more resistant to heat treatment than aglycone flavonoids and other types of polyphenols such as procyanidins. [13] Under the conditions tested in our study, the polyphenolic content of PA in solution was stable and maintained its antioxidant activity at all the tested temperatures; this can be related to the presence of the various types of glycosylated flavonoids in this extract.
Effect of storage conditions on total phenolic content and antioxidant activity of avocado leaf extracts in solution
During assessments of storage temperature (at 4°C and 25°C), the total phenolic content of the avocado leaf extract remained statistically similar for nearly a year; the values varied from 201.6 ± 8.0 to 250.8 ± 6.6 and from 225.4 ± 20.4 to 271.5 ± 33.8 µg of GA equivalents/mg of dry extract for 4°C and 25°C, respectively. Details are presented in Figs. S4 and S5 (Supplementary Material). The DPPH EC 50 values were similar to that of PA control extract (57.8 ± 5.4 µg/mL), varying by 57.9 ± 14.0 to 91.1 ± 7.1 and 48.5 ± 14.4 to 81.7 ± 3.8 µg/mL at 4°C and 25°C, respectively ( We assessed the effects of temperature (at 4°C and 25°C) and duration of storage on the stability of phenolic compounds. [13, 14, 28] Extended storage can promote reactions that may affect the phenolic content and, thus, cause alterations in organoleptic characteristics including colour and odour; this is especially pertinent with respect to beverages such as wine and juices. [13, 28, 29, 47] Marques et al. [28] used three different varieties of wine to show that temperature and extended storage can affect the levels of anthocyanins and flavonoids without altering their antioxidant properties. In apple juice, several phenolic compounds were stable during storage at the conditions tested. [13] The total phenolic content of wine did not show significant changes after 12 months of storage at 25°C. [47] In this study, we showed that the polyphenolic content in a hydroalcoholic extract of avocado leaves did not vary for nearly a year when stored at 4°C and 25°C.
Conclusion
This study indicates that the hydroalcoholic extract of avocado leaves (designated as PA) is a good source of diverse polyphenol compounds, identified as flavan-3-ols and flavonol glycosides, with a robust antioxidant activity comparable to those of other plant species possessing known antioxidant properties. In solution, the PA extract was stable from 40°C to 90°C for up to 8 h. The PA extract was also stable when stored from 0 to 10 months at 4°C and 25°C. However, the drying process of the plant material requires precise temperature control; this is the most important parameter for maintaining high levels of phenolic compounds and antioxidant properties of avocado leaf extract.
